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SHEATHED-ELEMENT GLOW PLUG HAVING 
AN ELASTICALLY MOUNTED GLOW ELEMENT 

Field Of The Invention 

The present invention relates to a sheathed-element glow plug made up essentially 
of a plug shell and a glow element that is connected electrically to the plug shell, as 
well as an integrated pressure sensor. 

5 

Background Information 

For good starting and warmup behavior at low temperatures, diesel engines require 
a heat source that preheats either the gas mixture, the intake air, or the combustion 
chamber. For engines in passenger vehicles, as a rule the use of sheathed-element 

10 glow plugs is recommended. These are made up of a plug shell and a glow element 
that protrudes from the glow shell and that, in its assembled state, extends into the 
combustion chamber of an internal combustion engine. As a rule, the glow elements 
of the sheathed-element glow plugs extend 4 mm into the combustion chamber of 
the internal combustion engine, and heat the diesel fuel-air mixture. The glow 

1 5 temperature and post-glow time of the glow element has a significant influence on 
the exhaust gas behavior, the fuel consumption of the engine, and the idling 
behavior after starting. 

In order to achieve the goals of conserving more fuel and reducing emissions, there 
20 is an increasing interest in developing economical sensors that are able to supply 
information about the combustion behavior of the engine directly from the engine's 
combustion chamber. Based on this information, it could be possible, for example, to 
regulate the injected fuel quantity. Monitoring the pressure inside the combustion 
chamber would have significant advantages in comparison with, for example, ionic 
25 current measuring, which supplies only local Information, because the pressure 
measurement values, or the changes In these values, are larger and are therefore 
easier to acquire. 

Integrated sensor designs, In which a pressure sensor Is situated on or in the 
30 sheathed-element glow plug, have the advantage that it is not necessary to provide 
an additional bored hole in the internal combustion engine. This advantage Is all the 
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greater in modem internal combustion engines, in which the constructive space for 
mounting additional sensors is very limited. 

In the prior art, solutions have been proposed in which a piezoelectric element is 
5 provided between the housing and the screw connection on the cylinder of a 
sheathed-element glow plug, as known for example from European Patent 
Application No. EP A 1 096 1^1 A. 141. In addition, in th e docum e n t PCT International 
Patent Publication No. WO 97 09 567 A. 567, an additional pressure sensor in the 
sheathed-element glow plug is proposed that is connected intermediately, between a 
10 fixing element and an element for receiving cylinder pressure, in a body of a 
sheathed-element glow plug. 

According to the prior art, in sheathed-element glow plugs glow elements are 
pressed together fixedly with the plug shell, in order to ensure a good ground 
1 5 coupling and sealing. 

A sensor mounted inside the sheathed-element glow plug has the task of acquiring 
the minimum change of length (which is in the//m range) when high pressure is 
applied; a piezosensor can be used for this purpose. 

20 

Obieot of tho Summarv Of The Invention 

TheAn object of the present invention is to further develop a sheathed-element glow 
plug having an integrated pressure sensor in such a way as to enable a clear 
measurement with a satisfactory signal/noise ratio. 

25 

Atta i nm e nt of th e Objective 

This object is achieved in that at least one elastic element is provided that is situated 
between the inner surface of the plug shell and the glow element, this element 
forming an electrical contact both to a part of the inner surface of the shell housing 
30 and also to a part of the surface of the glow element, and this element being 
deformable when a force acts on the glow element, and this element allowing a 
relative movement between the glow element and the shell. 

Advantag e s of th e Inv e ntion 
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One of the e ss e nt i al important advantages of the present invention is that the glow 
element can execute a macroscopic movement in relation to the shell. The 
deformation of the conductive elastic element simultaneously ensures that this 
element is at all times connected both to the glow element and also to the shell, so 
5 that the electrical connection is always ensured. 

If a force acts on the glow element, for example due to an increase in pressure in the 
combustion chamber into which the glow element extends, the glow element can 
move in relation to the shell. This movement is significantly greater than the change 
10 in length that the sheathed-element glow plug undergoes under the action of 
pressure due to its material properties. 

Due to this possibility of movement, the glow element is able to transmit the force 
that it experiences due to the change in pressure in the combustion chamber to a 
1 5 pressure sensor that is integrated in the sheathed-element glow plug or that is 
connected after the sheathed-element glow plug. 

Larger relative movements between the shell and the glow element result in a 
measurement signal that is acquired more easily, and also result in an optimized 
20 signal/noise ratio, and allow the use of many different measurement techniques, 
because a limitation to the measurement of microscopic quantities is not present. 

Preferably, the elastic element has an elasticity that is as free of hysteresis as 
possible. The relative movement of the glow element therefore does not depend on 
25 the direction of the force; rather, the force can be read off directly from the 

movement of the glow element relative to the plug shell, regardless of whether the 
pressure in the combustion chamber is increasing or is decreasing. 

Copper alloys are examples of a material that has a good electrical conductivity and 
30 is elastically deformable while exhibiting a minimal hysteresis of the elastic 

deformation. In addition, these alloys are also suitable for use as a seal, and are 
resistant to corrosion. 

The calibration of the measurement system to which the glow element itself is to be 
35 allocated requires that this glow element again assume its initial position. The elastic 
element should therefore assume a defined position in relation to the fixed shell. 
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Preferably, an adjustment of the position of tlie elastic element takes place via a 
support inside the shell. 

The support surface can face the side of the combustion chamber. During assembly, 
5 the elastic element, which preferably has an annular shape, is pressed from the side 
facing the combustion chamber around the glow element and into the shell; the 
elastic element can be prevented from sliding out of the shell by crimping. 

In an alternative specific embodiment, the support surface faces the connection side 
10 of the sheathed-element glow plug. In this case, during assembly the elastic element 
must be pressed from the connection side around the glow element and into the 
shell. On the connection side, there takes place an adjustment of the position of the 
elastic element, preferably via a press ring attached inside the shell. 

15 In an additional, alternative specific embodiment, an adjustment of the position of the 
elastic element also takes place via welding points attached inside the shell. This 
fixing is therefore suitable for weldable elastic elements. 

The positioning of the elastic element can also be carried out using combinations of 
20 the stated fastenings. 

Advantageously, it is also possible for the glow element to have at least one radial 
projection on both sides of which elastic elements are situated. The projection can 
stand in contact with the shell and can improve the electrical conduction. 

25 

The projection results in a deflection of force. While in the case of a pure surface 
contact between the elastic element and the outer surface of the glow element shear 
forces are exerted on the elastic element, the force transmitted by the projection onto 
the elastic element occurs In the axial direction. Moreover, if elastic elements are 
30 situated on both sides of the projection, then when there is an axial force on the glow 
element one of the elastic elements will be compressed and one will be stretched. A 
possible deviation, caused by hysteresis, of compression and stretching can even 
itself out in this way. 

35 In another preferred specific embodiment, the elastic element is present in the form 
of a tension spring element. A tension spring element can further increase the 
elasticity, because the modulus of elasticity results not only from the material 
properties but also from the design geometry. 
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Through the selection of the spring geometry, and thus of the spring constant, an 
elasticity can be selected that can be adapted optimally to the pressure sensor. 

5 The pressure sensor can be provided in the immediate vicinity of the elastic element, 
or can acquire the movement of the glow element at another location. 

Moreover, a sensor can be integrated into the elastic element so that the distortion of 
the elastic element can be acquired as a measure of the pressure in the combustion 
10 chamber. 

In another specific embodiment, the glow element can be pre-stressed against the 
plug shell, and in a pressureless state there can exist an elastic deformation of the 
elastic element. This is removed or reduced under the action of pressure, and thus of 
1 5 force. 

Further advantag e ous embodim e nts r e sult from tho follow i ng descript i on, as wel l as 
th e Cla i ms. 

20 Draw i ng 

Brief Description Of The Drawings 

Figure 1 shows a schematic representation of a first exemplary embodiment of 
the sheathed-element glow plug according to the present invention, in a partial 
sectioni^ 



25 



Figure 2 shows a detail of the view according to Figure 4ijL 



Figure 3 shows a schematic representation of a second exemplary embodiment 
of the sheathed-element glow plug according to the present invention, in a partial 
30 section^. 

Figure 4 shows a schematic representation of a third exemplary embodiment of 
the sheathed-element glow plug according to the present invention, in a partial 

sectioni^ 

35 



MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 



6 



Figure 5 shows a schematic representation of a fourth exemplary embodiment 
of the sheathed-element glow plug according to the present invention, in a partial 
section. 

5 Detailed Description of th e Exemp l ary Embod i ments 

The present invention relates to a ceramic sheathed-element glow plug 1 as shown 
in Figures 1-5. It is made up of a plug shell 2 and a ceramic glow element 3. 

Between plug shell 2 and glow element 3 there is situated an electrically conductive 
10 elastic element 4 that is fashioned in the form of an annular element. With its inner 
surface 5, it forms a surface contact 6 with a part of sheathed-element glow plug 
surface 7, and with its outer surface 8 it forms an additional surface contact 9 with a 
part of inner surface 10 of plug shell 2. Surface contacts 6, 9 ensure the electrical 
connection between plug shell 2 and glow element 3. 

15 

The deformability of the elastic element 4 has the result that when a force acts on 
sheathed-element glow plug 1 , for example due to an increase in pressure in the 
combustion chamber (not shown in more detail in the Figure), glow element 3 can 
execute a movement relative to plug shell 2. The amount of the movement can be 
20 acquired by a sensor (also not shown in the Figure), and is used as a measure of the 
pressure present in the combustion chamber. 

At the connection side, elastic element 4 is held in position by a support surface 1 1 
attached to plug shell 2. At the combustion chamber side, a crimping 12 prevents 
25 elastic element 4 from sliding out of plug shell 2. During assembly, the elastic 

element can be pushed over glow element 3 and can be pressed from combustion 
chamber side 13 in the direction of connection side 14 against support surface 1 1 ; 
the fixing in place by means of crimping 12 takes place subsequently. 

30 Figure 2 shows a detailed view of the section from Figure 1 . Depicted here are 

surface contacts 6, 9, on the one hand between outer side 8 of elastic element 4 and 
a part of inner surface 10 of plug shell 2, and on the other hand between inner 
surface 7 of elastic element 4 and a part of outer surface 5 of glow element 3. 
Without the external action of a force in the combustion chamber, corresponding 
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contact points 15, 15' are situated opposite one another. However, if an increased 
pressure, and thus a force, acts on glow element 3 in connection direction 16, a 
shearing of the elastic element takes place, and corresponding contact points 15, 15' 
move towards one another. Surface contacts 6, 9 remain uninfluenced by this, so 
5 that a low-ohm connection is ensured between glow element 3 and plug shell 2. 

If the external pressure subsides, so that a force is no longer acting, glow element 3 
moves again in the direction of combustion chamber 17, and the corresponding 
contact points 15, 15' are again situated opposite one another (not shown in the 
10 Figure). 

Figure 3 shows a second exemplary embodiment of a sheathed-element glow plug 1 
according to the present invention, having a plug shell 2, glow element 3, and elastic 
element 4, in a partial section. 

15 

In this example, elastic element 4 is held in position at the side of the combustion 
chamber by a support surface 111, and at the connection side a press ring 1 18 is 
provided in order to fix it in place. 

20 During assembly, elastic element 4 is pressed from connection side 14 in the 

direction of combustion chamber side 13 against support surface 111, and is fixed by 
press ring 118. 

Figure 4 shows a third exemplary embodiment of a sheathed-element glow plug 1 
25 according to the present invention having a plug shell 2, a glow element 203, and 
elastic elements 204, 204', in a partial section. 

In this example, glow element 203 has a radial projection 219. Glow element 203 
stands in contact with plug shell 2 via projection 219 itself. 

30 

The depicted exemplary embodiment has two elastic elements 204, 204'. On 
combustion chamber side 13, the one elastic element 204 is situated on a support 
surface 21 1 on plug shell 2, and on the connection side it contacts projection 219 of 
glow element 203. On the combustion chamber side, second elastic element 204' is 
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situated on projection 219 of glow element 203, and is fixed at the cx)nnection side 
by a press ring 218. 

If, due to an external force, glow element 203 now moves in connection direction 16, 
5 the one elastic element 204' is compressed and the other elastic element 204 Is 
stretched. A possible quantitative difference between the compression and the 
stretching of the elastic material is evened out in this way. 

Figure 5 shows another exemplary embodiment of a sheathed-element glow plug 1 
10 according to the present invention, having a plug shell 2, a glow element 3, and an 
elastic element 304, in a partial section. 

In this example, elastic element 304 is present in the form of a tension spring. At the 
connection side, this spring is situated on a support surface 1 1 attached in plug shell 
15 2, and at the combustion chamber side the tension spring is fixed by a welding 320. 

The contact between the tension spring and glow element 3 and plug shell 2 takes 
place not via surface contacts but rather only at a few contact points 321 . However, 
the tension spring is designed in such a way that the spring action also acts in radial 
20 direction 322, so that a frictional connection is present between the tension spring 
and glow element 3, as well as between the tension spring and plug shell 2. 
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Abstract Of The Disclosure 
The pr e sent i nvent i on re l ates to a A sheathed-element glow plug-(4^ for an internal 
combustion engine, essentially made up of a plug shell (2)-and a glow element-^ 
that is electrically connected to the plug shell-(^, as well as an integrated pressure 
5 sensor. The sheathed-element glow plug-f^ has at least one elastic element (4? 
20^, 20^': 30 ^ 1) t hat is situated between the inner surface (40>of the plug shell {2) 
and the glow element-(3), this element forming an electrical contact both to a part of 
the inner surface (10) of the plug shell-{2^ and to a part of the glow element surface 
{7), and this element being deformable when a force acts on the glow element-(^, 
10 and this element permitting a relative movement between the glow element ^^and 
the shell-(2). 
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